Introduction
The prospect of extending static x-ray measurements into the time domain is an exci ting one indeed. The foundations for this extension have already been laid by some very innovative experiments (1) performed at existing storage ring sources. The enormous enhancement in brilliance that the APS will afford over existing sources will, I believe, foster a tremendous growth in the area of time-resolved x-ray experimentation. The growing interest in this field is In a very general way, one can divide time-resolved experiments into two broad classes: (1) those that take advantage of techniques that permit data to be ~ollected in a more rapid fashion and (2) those that take advantage of the natural time-structure or modulation of the radiation produced by storage ring sources. It is with the latter group of experiments that this report is pr imarily concerned. Researchers planning to use the time structure are considering both experiments that can be cyclically pumped and probed (which effectively utilize the high repetition rates of synchrotron sources) and oneshot experiments (where the temporal resolution will be commensurate with that of the bunch duration itself, i. e. 100 psec). The natural time-structure of the storage ring may not, unfortunately, be optimal for all time-resolved *On leave from CHESS, Cornell University, Ithaca, N. Y.
experiments. For example, there has been considerable interest in the crystallography community over the possibility of collecting a Laue diffraction pattern from a single (or several) bunch(es) of x-rays.
Integrating detectors (such as film or the new phosphor storage plates) will be needed for these experiments because of their virtually unlimited countrate capabilities. However, these detectors cannot be electronically gated and therefore the x-ray beam itself must be rapidly shuttered when the exposure is complete. For this type of one-shot experiment a short burst of x-rays followed by a period of darkness long enough to shutter the beam is required. Alternatively, other experiments may need a (user variable)
repeti ti ve pulse structure to match the repetition rate of some external pump such as a laser. The problem is then one of how to satisfy those users who require di fferent time structures than that of the normal storage ring operating condi tion while minimizing the impact on other users. The major thrust of this note is to try to point out some possible solutions to this problem; in particular we will look to see whether the temporal properties of the emitted radiation can be suitably modified through the use of mechanical choppers. It is my intent that this note be somewhat speculative in nature with the hope that it may stimulate ideas in those who read it.
Before discussing the chopper characteristics, it is instructive to review the temporal properties of the APS. Table I . 1.5x1018 pi s-O. 1 %BW* *1 n tegr a ted -õv.è-r--the horizontal and-.Ýér"ti c7;-I--Tvergencesofthe--cêñ-tr al peak-:
By adjusting the bandwidth of the monochromating system large increases Buckets adjacent to filled buckets would in fact be very empty, due in part to the fact that the injected bunch-length is 1 nsec while the RF bucket is 2.83 nsec in length.
As we pointed out earlier, the temporal parameters of the APS running in the (projected) normal mode will not be optimal for all experiments; in particular those experiments where "long" periods of darkness ()177 ns) are required preceding (succeeding) the burst of x-rays. From an operational viewpoint, the easiest solution to this problem is to run the storage ring in one-bunch mode resul tiog in an interpulse period of 3.536 microseconds. is passing through the slot is 600 Âo) Therefûre, increasing the wheel speed has no effect on the transmission of the pulse but can aid in blocking satellite peaks that get through due to instabilities. Fig. 6 shows the case in which the 1/2 mm aperture is required to be closed in 1.5 vsec rather than 1.7 usec. In this case we must increase the revolution frequency from 18,000 bunches. Hence~ in order to avoid pulse pile-up problems, the detector countrate would have to be maintained below the rate where the probability of collecting two or more photons from the 19 contiguous bunches is low. We can estimate the count-rates where pulse pile-up will become important in the following way. Consider a detector count rate, n, equal to the reciprocal of the orbital frequency (i e., n = 1/Torbital = 282,000 cps). 0l2_~'y~rage, the detector is recei ving one x-ray every time twenty bunches pass by. At higher rates two (or more) photons will be collected a majority of the time after the passage of 20 bunches and hence the probability that thpse two (or more)
photons originated from the 19 closely spaced bunches increases rapidly.
Therefore count-rates of less than~ say ~ 100,000 cps may have to be maintained to minimize the pulse pile-up effect. This limit does not seem too severe, consi dering that count-rates higher that this can probably be handled with integrating detectors (ion chambers, x-ray diodes) if energy discriminat ion is not an issue. slightly different rotational frequencies x-ray pulses will be transmi t ted through both wheels with a frequency equal to the beat frequency of the two wheels. In this way, long (6 sec) dark periods can be produced between x-ray bursts. The control system for a phased array such as this is unfortunately more complicated than a single wheel electronics. :nz V'~0
